P roponents of the validity of the classical MZ-DZ twin comparison model for calculating heritability claim that the environments influencing MZ and DZ twin individuals are essentially identical. This 'equal environments assumption' may or may not be universally true when applied to the analysis of subjective traits. We examined the validity of this assumption as applied to the propensity for smoking cigarettes, reasoning that equality of environments should lead to equal smoking prevalences in MZ and DZ twin individuals. We identified 8 twin populations with data on smoking. We compiled odds ratios (ORs) for ever smoking in MZ and DZ twin individuals in these 8 studies and overall, using a fixed-effects meta-analytic method based on the Mantel-Haenszel procedure. The prevalence of smoking was less in MZ twin individuals than in DZ twin individuals in 7 of 8 studies. The overall OR was 0.86 (95% confidence interval 0.84, 0.89). ORs were virtually unchanged when the analyses were stratified for gender and age, and no differences were found in relation to the location of the study, the date of the study or the birth years of the cohorts. For cigarette smoking, the environments of MZ and DZ twins may not be co-equal. For subjective traits, heritability estimates may be influenced by these unequal environmental factors that differentially affect their development and characteristics in MZ and DZ twins.
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A classical approach to determining whether phenomena have a hereditary basis is the comparison of concordance rates in identical (MZ) twins with those in fraternal or dizygotic (DZ) twins. On this basis, heredity has long been known to be operative in the determination of many characteristics, such as body mass index (Fabsitz et al., 1994) , blood pressure (Pickering, 1968, pp. 236-273) , pulmonary function (Redline et al., 1987) , and many sequelae of alcoholism (Hrubec & Omenn, 1981) . This model has also been applied to subjective phenomena, such as behavioral or personality traits or even the propensity to smoke cigarettes (Carmelli et al., 1992) . George Engel (1975 Engel ( , 1987 , Seymour Kety (1959) and others have illustrated and emphasized that bonding between MZ twins is extremely intense, and is much more profound than that in DZ twins or in singleton siblings. This suggests that the cultural/environmental factors that are common to or communicated between MZ co-twins might be quantitatively different from those between DZ twins, and that the augmented concordance frequently seen in behavioral traits in MZ twins versus DZ twins may be a reflection in some part of these different cultural/environmental influences. To the extent that this is true, it will confound any quantitative attempt to impute heredity or calculate heritability on the basis of MZ-DZ twin comparisons. One of us (PVT) offered this argument at the International Congress on Twin Studies in July, 2004. One rejoinder, defending the use of twin comparisons of subjective traits, was that the prevalence of smoking among individual MZ twins is no different from that in individual DZ twins. If so, this suggests that the impetus for smoking in each and every twin individual is independent of the intensity of the intratwin pair interaction. We have been unable to find published data on smoking prevalences in individual twins to substantiate this assertion. Thus, the present study addresses the prevalence of cigarette smoking among MZ and DZ twin individuals as a means of gauging the importance of shared environment in twin comparisons. Table 1 , which also includes basic information from which the analytic covariates were derived. Appropriate smoking information was not available from at least one other study in the literature. The index of cigarette smoking in each population was ever smoking. Prevalences of never smoking and ever smoking (computed by subtracting the number of never smokers from the total number of subjects) were derived according to definitions of smoking stipulated in each population study. These definitions, which were quite variable, are listed in Table 2 . The classification of twins as MZ and like-sexed DZ twins from these individual studies was also accepted.
Materials and Methods
We compared the marginal probabilities of smoking in twins from each of the eight twin populations. The proportion of individuals reporting ever smoking was stratified by study and by MZ/DZ status, and the odds ratio comparing MZ to DZ was computed for each study. These odds ratios were combined in a fixedeffects meta-analytic framework, based on the Mantel-Haenszel procedure (Breslow & Day, 1980) . The heterogeneity of the odds ratios across the studies was tested using the procedure of Woolf (1955) . The software employed for these analyses was the rmeta US WWII Vets '… subjects who reported that they had smoked fewer than 100 cigarettes in their lives and were not current cigar or pipe smokers' (Carmelli et al.,1992) US Vietnam Veterans Never smoked more than 100 cigarettes in his lifetime (True et al.,1997) Finland Never smoked more than 5 to 10 packs of cigarettes in whole life (Kaprio et al.,1978) St Thomas Hospital, UK Negative answer to "Have you ever smoked a whole cigarette?" (Hunkin & Spector, 2005) Australia Answer to "Have you EVER been a smoker?" (If so) "Were you ever a regular smoker?" (Madden et al., 2004) Denmark, old '… such persons, as have denied smoking on questionnaire without further comment' (Raaschou-Nielsen, 1960) Sweden, new 'No' answer to "In your entire life have you smoked more than 5 to 10 packs of cigarettes?" or to "Have you ever smoked cigarettes regularly, that is, daily or almost daily?" (Medlund et al., 1977) Virginia 'Yes' answer to "Have you ever smoked or used tobacco regularly for at least a month?" (Schmitt et al., 2005) https:/www.cambridge.org/core/terms. https://doi.org/10.1375/twin.10.5.712
package, distributed at the Comprehensive R Archive Network (cran.r-project.org).
Results
The prevalence of cigarette smoking among individuals in MZ twinships was lower than that in individuals in DZ twinships in all but one of the eight studies (Table 3) . Individual MZ twins smoked between 3% (World War II US Veterans) and 34% (Greater Boston twins) less than individual DZ twins.
In the Danish twin registry, the frequency of smoking in MZ twins exceeded that in DZ twins by 3.7% (59.8% vs. 56.1%). These data are represented in the meta analysis of Figure 1 . The overall MantelHaenszel Odds Ratio (OR) is 0.86, with a 95% confidence interval (CI) of 0.84 and 0.89. For this analysis, the χ 2 for heterogeneity was 29.4 (P = .0003). We used a similar statistical approach to examine the influence of covariates. For gender, results remained virtually the same for males (OR = 0.86, CI 0.82, 0.89; heterogeneity test not significant) and females (OR = 0.87, CI 0.83, 0.91; heterogeneity test χ 2 = 15.9, P = .007) when analyzed separately (Figure 2 ). Stratifying by age also appeared to have little influence on the differential smoking prevalence of MZ versus DZ twins (Table 4) . We found no differences in ORs as a function of location of the study, the date the data were compiled, or the birth years of the nine cohorts.
Discussion
We have examined the frequency of cigarette smoking in individuals in MZ and DZ twinships in eight twin populations. We found a lower prevalence of smoking in MZ twin individuals than in DZ twin individuals in seven of these populations and in a combined meta analysis (Figure 1 ). These findings are not explained or modified by the obvious covariates gender, age, year of birth, geographic location, or date of data acquisition. If each twin functioned totally independently within his/her environment, one might expect that the overall frequency of smoking in MZ and DZ twin populations would be similar. Such a similarity can be anticipated to be independent of the differential rates of concordance for smoking that have been established for MZ versus DZ twin pairs.
The writings of George L. Engel, long a professor of Psychiatry and Medicine at the University of Rochester School of Medicine (USA), are perhaps the most vivid description and analysis of the intensity of the relationship between MZ twins. Writing of his own relationship with his MZ twin brother, both in life and after his brother's premature death, Engel emphasizes the fusion of identities and boundaries (said another way, the diffuseness of ego boundaries between MZ twins), complementarity of being (extreme physical similarity), thought and action (e.g., enjoying a private language), and the narcissistic gains of twinship (Engel, 1975) . Whereas the relationship between MZ twins has been described as 'the closest tie between two individuals' (Burlingham, 1945) , that between DZ twins has been characterized as similar to that of singleton siblings (Penninkilampi-Kerola et al., 2005) . Moreover, the intrauterine environment may also differ significantly between DZ and MZ twins (Phillips, 1993; Loos et al., 2001 ). These observations suggest that studies comparing concordance rates of MZ twins with DZ twins should factor in these dissimilar cultural/environmental factors to minimize any nongenetic augmentation of MZ concordance. Nonetheless, researchers have concluded that the equal environments assumption -the underlying premise that 'environmentally caused similarity is roughly the same for both types of twins reared in the same family' -is valid (Tandon & McGuffin, 2002; Plomin et al., 2001) . The arguments asserting the validity of the equal environments assumption, including the results of studies of traits in MZ twins reared apart, of the similarities of MZ twins who were mislabeled (as DZ) and treated as such by their parents, and of the comparative similarities of MZ twins treated more individually versus those not treated so individually, are summarized by Plomin et al. (2001) . Others have documented specific examples of dissimilar environments, but found no effects of this differential background on certain aspects of behavior (Morris-Yates et al., 1990) .
Recent studies from Finland appear to challenge the equal environments assumption, however. Penninkilampi-Kerola et al. (2005a , 2005b have studied the concordance of a number of traits in a cohort of teenaged MZ and DZ twins. A measure of co-twin dependence ('a strong attachment between twins') was established by asking each twin, at age 16, whether he/she was 'dependent' on his/her co-twin. The answer, yes or no, permitted the creation of a dependent group and an independent group of twins, in which both members of the pair answered the question similarly. Co-twin dependence varied considerably by twin type and gender, ranging from about 30% and 37% for MZ boys and girls, respectively, to about 15% and 26% for same-sexed DZ twin boys and girls, respectively. This dependency was especially associated with having the co-twin as a best friend, and also with the proportion of leisure time spent together, the mothers' educational level and the fathers' socio-economic status. For the use of alcohol in adolescence and early adulthood, most correlations of the co-twin dependent group exceeded those of the co-twin independent group, suggesting a greater similarity of alcohol-related behavior of co-twin dependent twins. Co-twin dependent twins also differed from the co-twin independent twins in the frequency of reporting of 'somatic and psycho-emotional symptoms' (Penninkilampi-Kerola et al., 2004) . These researchers, while reviewing in detail the uniqueness and intensity of prior studies focusing on the relationship of MZ co-twins, emphasize that 'we can also expect that co-twin dependent twins might be more similar to each other because they evidently share their social environment to a greater extent than independent twins. This has implications for studies of heritability in twins because a fundamental assumption of classical twin studies is that MZ and DZ twins represent the same base population and that MZ and DZ twins are equally correlated in their exposure to environmental influences relevant to the trait under study.' (Penninkilampi-Kerola et al., 2005a) . Their studies would call into question the equal environments assumption. The disparity that we have demonstrated in rates of smoking between MZ and DZ twins further suggests that differences in concordance between MZ versus DZ twins may not be ascribable to genetic factors related to the variable under analysis, and that, at least for some subjective or cultural factors, common environment may confound the estimation of heritability. Alternatively, one can ascribe some proportion of the dependence of MZ co-twins to inheritance, but this would equally distort estimates of heritability of other factors, particularly those related to behavior, when derived from MZ-DZ twin comparisons. We suggest, as have others, that the classical twin study can serve as 'the nucleus of a systematic genetic approach to the study of human behavior,' (Hewitt, 1989) , but the accuracy of such a study will depend in large part on recognizing and minimizing the effects of differential environments.
Kendler and co-workers found a similar phenomenon in their study of the illicit use of psychoactive substances: the rates of abuse of six different types of substance were higher in MZ than in DZ twins (Kendler et al., 2000) . Applying models to their data that were designed to detect and correct for the effects of the equal environment assumption, they found only a small effect of correlated environment in the six parameters of drug abuse to which these models were applied. This did lead to a considerable reduction in the estimate of heritability in one of the parameters of illicit drug use, however. One could conclude, as the authors did, that 'it is unlikely that the overall results of this investigation were substantially biased by violations of the equal environment assumption'. However, one can take the opposite view: the marked overestimate in heritability in one of six cases suggests that this phenomenon may be more pervasive than currently recognized. Kendler and Gardner (1998) describe similar phenomena in a study of psychiatric disorders and substance abuse in adult twins. The extent of social interaction was significantly greater in MZ than in DZ twin pairs, but this was not predictive of twin resemblance for a number of behavioral phenomena (e.g., anxiety disorder, nicotine dependence). On the other hand, co-socialization significantly predicted twin resemblance for smoking initiation and perhaps for bulimia. For the smoking initiation, factoring in the differential environmental effect reduced the heritability modestly (from 83% to 73%).
The present study is limited by data acquired by other researchers and the biases that were built into these studies. It was also limited by our inability to obtain relevant information on cigarette smoking in other large studies of twin populations, suggesting a further bias in our analyses. As corroborated by the significant tests of the odds ratios for heterogeneity, the populations that were exploited herein are clearly heterogeneous at least in size, gender, age, birth year, dates of study, and country of origin -the variables whose influence we assessed. This is both a weakness, limiting the reliability of meta analysis, but also a strength, serving in many cases to demonstrate that differences in smoking between MZ and DZ twins were not influenced or explained by these covariates. In our statistical analyses, we are not able to adequately factor in the lack of statistical independence of twins, since we do not have access to primary data. We believe, however, that correcting for any intratwinship correlation is unlikely to eliminate the effects we have reported.
In summary, we have found a significant difference in the prevalence of smoking in MZ versus DZ twins. This difference cannot be explained by such covariates as gender, age, country of origin of the study, dates during which the study was conducted, or the birth years of the cohort. This finding raises the possibility that using the MZ-DZ comparison model for determining heritability of subjective traits may have limitations. While the difference in the overall smoking rates in MZ and DZ twins is not great, it is nonetheless persistent. One might anticipate variable, and sometimes larger, MZ-DZ differences, and thus differently inflated heritability estimates, for other subjective traits that have been studied by this classical twin method. This will not be obtained for all subjective traits, and the effect, when present, will be variable. We suggest, as have others (Rose et al., 1990) , that measurements of the effects of MZ-and DZ-specific environment be incorporated into all twin studies, and that these data be used to minimize the confounding effects of environment on heritability estimates. 
